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Comparison between solar utilization of a closed microalgae-based bio-loop 1 and that of a stand-alone photovoltaic system 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Abstract This study compared the solar energy utilization of a closed 23 microalgae-based bio-loop for energy efficient production of biogas with fertilizer 24 recovery against that of a stand-alone photovoltaic (PV) system. The comparison was 25 made from the perspective of broad life cycle assessment, simultaneously taking 26 exergy to be the functional unit. The results indicated that the bio-loop was more 27 environmentally competitive than an equivalent stand-alone PV system, but had higher 28 economic cost due to high energy consumption during the operational phase. To fix the 29 problem, a patented, interior pressurization scheduling method was used to operate the 30 bio-loop, with microalgae and aerobic bacterial placed together in the same reactor. As 31 a result, the overall environmental impact and total investment were respectively 32 reduced by more than 75% and 84%, a vast improvement on the bio-loop. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
Introduction

45
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168
The growth rate of microalgae was assumed to be 25 g m . The microalgae concentration was 0.5 g L -1
. consume a total energy of 0.0289 kWh of 1kg algae.
177
After aerobic decomposition, the suspension of digestate provided almost all the 178 fertilizer and water requirements for the microalgae culture. The study assumed total 179 efficiency in fertilizer use, so that there was no nutrient loss in the system. Annual 180 evaporation resulted in water loss which was compensated by the freshwater. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Conventionally, feedstock entering an anaerobic digester includes large organic 199 polymers and recalcitrant materials that result in the inert residues of the digestate. were in bioavailable form. In order to achieve a more optimal recycling ratio, organic 228 substance in the digestate had first to be converted to inorganic forms readily available 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 of silica from quartz (Stoppato, 2008 released into the environmental rig, achieving a free supply of fertilizers and water. 262 Benemann and Oswald's proposed scheme had a nutrient recovery rate of 50%, 263 implying a substantial operating cost, accounting for 6-8 cents per gallon of algal fuel 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 in 1987 U.S dollars (Benemann & Oswald, 1996 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 (encountered during the polycrystalline silicon production) reduces to silica acid and 397 hydrogen chloride which are strong irritants to the skin, eyes, and respiratory system 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 only improve the energy balance but also significantly decrease a wide range of 419 adverse impacts (abiotic depletion, ozone depletion, acidification and global warming 420 potential), thus enhancing the overall environmental and economic performances.
421
The lead author has developed and patented a material transportation scheduling 422 method for the operational phase (CN103232938 A) (Jin, 2013b), which relies only on 423 the interior biogas pressure energy of the system, rather than any external electricity. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 by 9%, and the corresponding total investment varied from 1120 $ to1012 $.
453
If the pressurization and coupled reactor technology were to be simultaneously 454 integrated into a closed microalgae-based bio-loop (Scenario 4), the overall 455 environmental performance would improve substantially for less capital expenditure.
456
The results show that most of the environmental impacts of Scenario 4 fell well below 457 15% of those of Scenario1 (Fig. 4) . Eutrophication decreased by almost76.4%. The 458 operational and capital costs of Scenario 4 decreased by about 91% and 18% 459 respectively, and the associated total investment ranged from 1120 $ to 177 $.
460
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